Secretory PLA2-IIA and ROS generation in peripheral mitochondria are critical for neuronal death.
In this study the role of mitochondrial secretory PLA2-IIA in glutamate-induced cell death in cultured cerebellar granule neurons has been investigated. Inhibition of secretory PLA2-IIA blocked glutamate-induced cell death. Since PLA2 may generate reactive oxygen species (ROS), we have investigated ROS production, detected as dihydrorhodamine 123 oxidation and nitrotyrosine modifications of proteins, following glutamate treatment in the absence or presence of an inhibitor of secretory PLA2-IIA. There was an increased generation of ROS in both glutamate- and buffer-treated neurons compared to untreated neurons. Scavenging with dihydrorhodamine 123 reduced glutamate-induced death (60%), showing that ROS detected in glutamate-treated neurons were associated with cell death. However, ROS detected in buffer-treated neurons were not associated with toxicity. Glutamate treatment led to ROS production predominantly in peripheral mitochondria, whereas buffer treatment led to ROS production in somal mitochondria. Inhibition of secretory PLA2-IIA (i) reduced the generation of ROS after glutamate treatment, (ii) reduced the ROS production in peripheral mitochondria in glutamate-treated neurons, consistent with the fact that calcium entry through glutamate (NMDA) receptors has a privileged access to peripheral mitochondria, and (iii) did not reduce the generation of ROS after buffer treatment. In conclusion, activation of NMDA receptors induces ROS, which is critical for neuronal death, due to secretory PLA2-IIA associated with peripheral mitochondria.